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Mandatory HO Behavior
Peretz Feder, Dan Gal, Aparna Ramesh
Alcatel-Lucent, C-Dot Alcatel Resarch Center
Problem description
Rev2/D7 specification is vague regarding the behavior of the MS when the “HO Operation Mode” is set to 1 (Mandatory HO Request / Mandatory HO Response) in MOB_BSHO-REQ or MOB_ BSHO-RSP message.

During MS initiated HO, the MS sends the MOB_MSHO-REQ message. When the BS concludes that the handover is needed, it sets the “HO Operation Mode” flag in its response to the MS (i.e., in MOB_BSHO-RSP message).
During BS initiated HO, when the BS concludes that the handover is required, it sets the “HO Operation Mode” flag in its Handover request to the MS, ie., in MOB_BSHO-REQ message.

The MOB_BSHO-REQ (during BS initiated HO) or MOB_BSHO-RSP (during MS initiated HO) SHALL contain a candidate BS list, and as per [1], this list SHALL contain at least one recommended BS.

Rev2/D7 specification is not clear in describing when the MS should choose a target BS from the candidate BS list, and when the MS can choose a target BS of its own choice, when it indicates a “Serving BS release” message (by setting HO-IND_Type to “0b00”) to the serving BS. The specification is also not clear when should the MS respond with a MOB_HO-IND message with HO-IND_Type set to 0b10 (HO Reject) – is it when it is not able to choose any target BS at all? or is it when not being able to choose a target BS from the recommended t-BS list in the MOB_BSHO-REQ/MOB_BSHO-RSP message? The following remedy attempts to clarify these aspects.  

Proposed Changes 
Change #1: Enhancement of subsection 6.3.21.2.2, HO decision and initiation:

Change the subsection 6.3.21.2.2 as indicated:
6.3.21.2.2 HO decision and initiation 

An HO begins with a decision for an MS to HO from a serving BS to a target BS. The decision may originate either at the MS, the serving BS, or on the network. The HO may proceed with a notification through either MOB_MSHO-REQ or MOB_BSHO-REQ messages. 

If the BS_Controlled_HO flag is set to 0 in the HO type support field of DCD message, the HO notification is recommended, but not required.
If the BS_Controlled_HO flag is set to 1, the HO notification is mandatory unless a drop has been detected by MS as specified in 6.2.21.2.6. The MS shall send MOB_MSHO-REQ only if a triggering condition specified in Trigger TLV or Neighbor BS Trigger TLV has occurred.

Acknowledgement of MOB_MSHO-REQ with MOB_BSHO-RSP is required. After MS transmits MOB_MSHO-REQ, MS shall not transmit any MOB_MSHO-REQ prior to expiration of timer MS_handover_retransmission_timer. MS shall deactivate timer MS HO retransmission timer on MS transmission of MOB_HO-IND or MS receipt of MOB_BSHO-RSP.

If an MS that transmitted a MOB_MSHO-REQ message detects an incoming MOB_BSHO-REQ message before the MS_handover_retransmission_timer (see 11.7.12.3) expires, it shall ignore that MOB_BSHO-REQ message. A BS that transmitted a MOB_BSHO-REQ message and detects an incoming MOB_MSHO-REQ message from the same MS shall ignore its MOB_BSHO-REQ. A BS that transmitted a MOB_BSHO-REQ message and detects an incoming MOB_HO-IND message from the same MS shall ignore its own previous request. While a handover is in progress, an MS that has transmitted a MOB_HO-IND message and detects an incoming MOB_BSHO-REQ message from the Serving BS shall ignore that MOB_BSHO-REQ.

If the “HO Operation Mode” is set to 0 in the MOB_BSHO-REQ message (in case of BS initiated HO) or in the MOB_BSHO-RSP message (in case of MS initiated HO), the following is the behavior:

When MOB_MSHO-REQ is sent by an MS, the MS may indicate one or more possible target BS. When MOB_BSHO-REQ is sent by a BS, the BS may indicate one or more possible target BSs. The MS may evaluate possible target BS(s) through previously performed scanning and Association activity. 

If tThe Serving BS may sends a MOB_BSHO-REQ message to the MS without including a target BSID for handover in the message. In such a case, the MS should do one of the following: 

— Send a MOB_HO-IND message with HO_IND_type set to 0b10 and its preferred target BS included in the message, 

— Send a MOB_MSHO-REQ message with its preferred target BS included in the message, 

— Send a MOB_HO-IND message with HO_IND_type set to 0b00 and its preferred target BS included in the message, 

— Send a MOB_HO-IND message with HO_IND_type set to 0b01 to cancel the handover, or 

— Send a MOB_HO-IND message with HO_IND_type set to 0b10 without including its preferred target BS in the message. 

Serving BS criteria for recommendation of target BS may include factors such as expected MS performance at potential target BS, BS and network loading conditions, and MS QoS requirements. The serving BS may obtain expected MS performance, BS and network loading conditions at a potential target BS and Basic CID to be used at a potential target BS through the exchange of messages with that BS over the backbone network. The serving BS may negotiate location of common time interval where dedicated initial ranging transmission opportunity for the MS will be provided by all potential target BSs. This information may be included into MOB_BSHO-RSP message, and is indicated by Action Time. The Pre-allocated Basic CID shall be included in the MOB_BSHO-REQ/RSP if the recommended target BS supports Seamless HO mode. 

If the Basic CID is pre-allocated at the serving BS, the MS should update its primary management CID and transport CIDs autonomously at the target BS without using CID_update or Compressed CID_update encodings. An MS can derive the new CIDs at a target BS from the Pre-allocated Basic CID by using the Connection identifier descriptor TLV in DCD message. The new primary management CID should be derived by adding ‘m’ to the Pre-allocated Basic CID. 

There are two modes for deriving new transport CIDs at a target BS. If autonomous derivation mode is set, the new transport CIDs are derived with ‘m’ and ‘a’ parameters broadcasted in the DCD message. The recommended BS reserves contiguous number (‘a’) of transport CIDs for each MS. An MS can derive the first transport CID by using the equation {(2m+1) + (Basic CID-1) * a} and it autonomously updates its transport CIDs in ascending order from the first transport CID.

If the number of transport connections of an MS is greater than ‘a’, the block allocation mode should be used. If the block allocation mode is set in MOB_BSHO-REQ/RSP, the first CID at the head of the block shall be included in MOB_BSHO-REQ/RSP. The MS should update all the transport CIDs from the first CID followed by continuous CIDs in the block. A BS may allocate multiple blocks in the MOB_BSHO-REQ/RSP. When the BS allocates multiple blocks, it shall include the first Transport CID and number of Transport CIDs in MOB_BSHO-REQ/RSP for each block. 

Dedicated allocation for transmission of RNG-REQ means that channel parameters learned by the MS autonomously, based on information acquired at the time of HO with the target BS or during Association of that BS are considered valid during sufficient time and can be reused for actual network reentry without preceding CDMA ranging. Information such as indicators of link quality in the UL direction learned by the MS during Association may be provided to the serving BS over the backbone. 
An MS required to conduct HO is not restricted to conducting HO to those BS included in the notifying message. In other words, the MS may attempt HO to a different BS that may or may not have been included in either the MOB_BSHO-REQ or MOB_BSHO-RSP. 
If Network Assisted HO supported flag is set to “1” in MOB_BSHO-REQ message, MS may perform an HO to any BS among the recommended BSs in MOB_BSHO-REQ without notifying the serving BS of a selected target BS. As an acknowledgement to the MOB_BSHO-REQ message, the MS may send a MOB_HO-IND message with its target BSID set to “0x00000000”. 

When the serving BS, transmitted MOB_BSHO-REQ with Network Assisted HO supported flag = 1, receives MOB_HO-IND with target BS ID = 0x00000000, it may neglect target BS ID included in MOB_HO-IND message. 

If the BS_Controlled_HO flag is set to “0” in the HO type support field of the DCD message, MS HO to one of the BSs specified in MOB_BSHO-RSP is recommended, but not required. The MS may attempt HO to a different BS that may or may not have been included in MOB_BSHO-RSP. 

If the BS_Controlled_HO flag is set to “1”, MS handover to one of BSs specified in MOB_BSHO-REQ/RSP is required. An MS may attempt handover to the BS not included in MOB_BSHO-REQ/RSP by sending a MOB_HO-IND indicating the selected BS only if a trigger condition specified in a Trigger TLV or Neighbor BS Trigger TLV has occurred for a target BS not listed in the MOB_BSHO-REQ/RSP. 

The MS may respond with MOB_HO-IND with HO_IND_type = 0b10 indicating HO reject if the MS is unable to handover to any of the recommended BSs in the MOB_BSHO-REQ or MOB_BSHO-RSP. If the MS signals rejection of the serving BS instruction to HO through HO_IND_type field in the MOB_HO-IND set value of 0b10 (HO reject), the BS may reconfigure the neighbor BS list and retransmit MOB_BSHO-RSP message including a new neighbor BS list. 

An MS may signal rejection of the target BS offered for handover by the serving BS in one of two manners. The MS may send a MOB_HO_IND message with HO_IND_type set to 0b00 (Serving BS release) and include its preferred TBS in the message. In this case the MS doesn't set the T42 timer and the MS departs for the TBS without further negotiation with the SBS. An MS may also signal rejection of the target BS offered by the serving BS by sending MOB_HO_IND message with HO_IND_type set to 0b10 (Handover Reject) and setting the T42 timer. The MS may include its preferred TBS in the message. In this case the MS waits for the SBS to respond with a new MOB_BSHO-RSP or MOB_BSHO-REQ message. If the new TBS is acceptable to the MS, it responds with MOB_HO_IND message with HO_IND_type set to 0b00 (Serving BS Release) and includes the TBS selected from the neighbor list in the message. 

If the HO Operation Mode is set to “1” In some instances, the BS may need to force the MS to conduct HO. The BS shall include a value of HO operation mode = 1 in either the MOB_BSHO-REQ or MOB_BSHO-RSP it signals to the MS that the MS shall conduct HO, the following shall be the behavior of the MS: Upon receiving a message with HO operation mode = 1
The MS should shall treat the HO request as required and shall respond with an HO-IND. MS should send HO-IND with option HO_IND_type = 0b00 indicating commitment to HO unless MS is unable to HO to any of the recommended BSs in the message, in which case MS may shall respond with HO-IND with option HO_IND_type = 0b10 indicating HO reject and may include the MS preferred target BS for handover. If the BS_Controlled_HO flag is set to “0” in the HO type support field of the DCD message, an MS required to conduct HO is not restricted to conducting HO to those BS included in the notifying message. In other words, the MS may attempt HO to a different BS that may or may not have been included in either the MOB_BSHO-REQ or MOB_BSHO-RSP. If the BS_Controlled_HO flag is set to “1” in the HO type support field of the DCD message, an MS required to conduct handover is restricted to conducting handover to those BS included in the notifying message. Only in case a triggering condition specified in Trigger TLV or Neighbor BS Trigger TLV has occurred for a target BS not listed in MOB_BSHO-REQ or in the MOB_BSHO-RSP, the MS may attempt handover to the BS by sending a MOB_HO-IND indicating the selected BS. The MS may shall respond with HO-IND with HO_IND_type = 0b10 indicating HO reject if the MS is unable to handover to any of the recommended BSs in the MOB_BSHO-REQ or MOB_BSHO-RSP and set the T42 timer. The MS may include its preferred TBS in the message. The MS waits for the SBS to respond with a new MOB_BSHO-RSP or MOB_BSHO-REQ message. If the new TBS is acceptable to the MS, it shall respond with MOB_HO_IND message with HO_IND_type set to 0b00 (Serving BS Release) and includes the TBS selected from the recommended BS list in the MOB_BSHO-REQ or MOB_BSHO-RSP message. If the new TBS is not acceptable to the MS, it shall respond with MOB_HO-IND message with HO_IND_type set to 0b10 (HO Reject) again.
The serving BS may should notify one or more potential target BS over the backbone network of MS intent to HO. The serving BS may should also send MS information to potential target BS over the backbone network to expedite HO. If the MS signals rejection of the serving BS instruction to HO through HO_IND_type field in the MOB_HO-IND set value of 0b10 (HO reject), the BS may reconfigure the neighbor BS list and retransmit MOB_BSHO-RSP message including a new neighbor BS list. 

In order to verify the MS can complete the HO preparation phase in time to receive the Fast_Ranging_IE in the target base station (i.e., after action time), the serving BS may grant an unsolicited UL allocation for transmission of MOB_HO-IND message. In this case, the Unsolicited UL Grant for HO-IND flag in MOB_BSHO-REQ/RSP message serving BS should be set to 1. Upon expiration of Handover Indication Readiness Timer, the serving BS should grant an UL allocation to the MS with a size enough for transmission of MOB_HO-IND message. 

The serving BS may continue to issue DL and UL allocations to the MS until expiration of Handover Indication Readiness Timer or until MOB_HO-IND with HO_IND_type=0b00 was received or until it received an indication from the target BS (over the backbone network) that MS successfully completed its HO attempt or until it decides that the MS is no longer available. 

The MS that sent MOB_HO-IND with option HO_IND_type = 0b00 indicating commitment to HO and intent to release the serving BS, shall not be expected to monitor serving BS DL traffic after transmission of the MOB_HO-IND message.
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